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INTRODUCTION: 


This  project  was  proposed  to  identify  the  genes  that  are  differentially  expressed  in 
prostate  cancer.  Tumor  suppressor  gene  is  one  type  of  these  genes.  Identification  of  tumor 
suppressor  gene  is  a  significant  task  in  prostate  cancer  research,  because  such  genes  are 
important  targets  for  improving  the  diagnosis  and  treatment  of  prostate  cancer.  In  the 
second  year  of  this  project,  we  first  clarified  the  role  of  the  PTEN  tumor  suppressor  gene  in 
aggressive  prostate  cancer.  We  also  defined  a  region  of  genomic  deletion,  that  indicates  the 
location  of  novel  tumor  suppressor  genes,  at  13q2I  in  prostate  cancer  using  deletion 
mapping  methods.  Again,  the  13q21  tumor  suppressor  gene  appeared  to  be  involved  in 
aggressive  prostate  cancer. 


BODY: 


In  this  budget  year,  we  continued  our  effort  in  identifying  genes  that  are  involved  in  the 
development  and  progression  of  prostate  cancer,  as  originally  planned.  We  targeted  two  genes.  One  is  a 
novel  tumor  suppressor  gene  at  the  q21  band  of  human  chromosome  13,  and  the  other  is  the  PTEN  tumor 
suppressor  gene,  the  most  IBrequently  altered  gene  in  human  prostate  cancer. 

For  the  novel  tumor  suppressor  gene  at  13q21,  we  continued  our  effort  in  fine  mapping  its 
location.  We  examined  a  large  number  of  prostate  cancer  specimens  and  cell  lines/xenograft  for  genetic 
deletions  at  13q21,  using  the  methods  of  tissue  microdissection  and  duplex  PCR.  Hemizygous  deletion 
and/or  homozygous  deletion  at  13q21  were  detected  in  13  of  147  (9%)  prostate  cancer  samples.  Deletion  of 
the  same  region  was  also  detected  in  the  LNCaP  cell  line  and  the  PC-82  xenograft  of  prostate  cancer.  The 
overlapping  region  of  deletion  in  LNCaP  and  PC-82  spans  3.1  cM  or  2.9  cR,  that  are  equivalent  to  one  to 
three  megabases.  The  endothelin  receptor  B  gene,  a  possible  tumor  suppressor  gene  at  13q21,  was  not 
located  in  the  region  of  deletion.  Among  the  13  prostate  neoplasms  with  deletion  at  13q21,  five  were 
metastases  and  seven  were  poorly  differentiated  primary  tumors.  The  only  primary  tumor  which  was  not 
poorly  differentiated  but  had  deletion  occurred  in  one  of  the  youngest  patients  (49  years)  at  diagnosis. 
These  results  provide  additional  evidence  that  13q21  harbors  an  unidentified  gene(s)  whose  inactivation 
occurs  in  some  aggressive  carcinomas  of  the  prostate.  In  addition,  this  study  provides  a  fi'amework  for  the 
cloning  and  identification  of  the  13q21  gene(s).  At  present,  we  are  working  to  identify  the  tumor  suppressor 
gene  firom  13q21. 

For  the  PTEN  tumor  suppressor  gene,  we  analyzed  its  mutation  in  prostate  cancer  from  Chinese 
patients.  PTEN/MMACl  is  a  putative  tumor  suppressor  gene  located  on  10q23,  one  of  the  most  frequently 
deleted  chromosomal  regions  in  human  prostate  cancer.  While  mutations  of  PTEN  have  been  often  detected 
in  metastases  of  prostate  cancer,  localized  tumors  have  shown  lower  rates  of  mutation,  which  have  varied 
from  zero  to  20%  among  different  studies.  It  is  unknown  whether  the  rate  of  PTEN  mutations  is  different  in 
prostate  cancer  from  Asian  compared  with  Western  men.  To  further  clarify  the  role  of  PTEN  in  prostate 
cancer  and  to  examine  the  gene  for  mutations  in  Asian  men,  we  analyzed  32  cases  of  primary  prostate 
cancers  from  Chinese  patients,  each  of  whom  was  not  diagnosed  by  screening  with  serum  PSA,  for  PTEN 
mutations  using  the  methods  of  tissue  microdissection,  single  strand  conformation  polymorphism,  and 
direct  DNA  sequencing.  Seventy  percent  of  the  tumors  were  Gleason  score  8-10,  while  the  remainder  were 
Gleason  score  7.  Six  metastases  of  prostate  cancer  fi'om  American  patients  were  also  analyzed.  Five  of  32 


(16%)  pnmary  prostate  cancers  from  Chinese  men  and  two  of  six  metastases  from  American  men  showed 
mutations  in  a  total  of  10  codons  of  PTEN,  which  involved  exons  1,  2,  5.  8.  and  9.  Two  of  the  mutations 
were  truncation  type,  while  the  rest  were  missense  mutations.  The  mutation  frequency  in  these  cases  from 
Asian  patients  was  higher  than  that  in  our  previous  study  of  cases  in  radical  prostatectomy  specimens  from 
me^an  men  in  which  the  40  pnmary  tumors  were  lower  grade  and  had  been  detected  by  serum  PSA 
te  t.  We  conclude  that  mutation  of  PTEN  occurs  more  often  in  primary  prostate  cancers  of  Chinese  men 
whose  tumors  are  high  grade  and  reflective  of  an  unscreened  population. 

The  above  studies  have  been  published  in  two  papers: 

1.  Dong  JT,  Chen  CC,  Stultz  BG,  Isaacs  JT,  Frierson  HF.  Jr.  (2000)  Deletion  at  13q21  is  associated 
with  aggressive  prostate  cancers.  Cancer  Res  60:3880-3883. 

2.  Dong  JT,  Li  CL,  Sipe  TW,  Frierson  HFJ  (2001)  Mutations  of  PTEN/MMACl  in  primary 
prostate  cancers  from  Chinese  patients.  Clin  Cancer  Res  in  press. 


Both  papers  are  included  in  the  appendix. 


KEY  RESEARCH  ACCOMPLISHMENTS: 

•  Mutations  of  the  PTEN  gene  occurs  more  frequently  in  high  grade  tumors  and 
metastases  of  prostate  cancer.  PTEN  thus  plays  a  role  in  the  progression  of  this 
disease. 

•  A  novel  tumor  suppressor  gene  exists  at  the  q21  band  of  chromosome  13. 

•  The  EDNRB  gene,  a  tumor  suppressor  gene  located  at  1 3q2 1 ,  is  not  the  target  gene  of 
13q21  deletion. 

•  The  tumor  suppressor  gene  at  1 3q2 1  remains  to  be  identified. 

•  Alterations  at  1 3q2 1  is  responsible  for  the  aggressive  behavior  of  prostate  caricer. 

REPORTABLE  OUTCOMES: 

The  second  year  of  this  project  has  generated  another  two  papers,  one  has  been 
published  and  one  is  in  press.  They  are: 


1.  Dong  JT,  Chen  CC,  Stultz  BG,  Isaacs  JT,  Frierson  HF,  Jr.  (2000)  Deletion  at 
13q21  is  associated  with  aggressive  prostate  cancers.  Cancer  Res 
60:3880-3883. 


2.  Dong  JT,  Li  CL,  Sipe  TW,  Frierson  HFJ  (2001)  Mutations  of  PTEN/MMACl 
in  primary  prostate  cancers  from  Chinese  patients.  Clin  Cancer  Res  in 
press. 

In  addition,  based  on  the  data  generated  in  this  project,  the  P.I.  has  been  awarded  two 
ROl  grants  by  the  National  Cancer  Institute,  NIH: 

( 1 ) .  Period:  4/1/00  -  3/3 1/05;  Title:  Molecular  dissection  of  /3qI4  in  prostate  cancer. 
Agency:  NIH/NCI;  PX:  Dong  JT 

Award  Number:  1  RO 1  CA  85560;  Current  year  direct  cost:  $202,500;  Total  direct  cost 
$922,500;  Total  award  amount:  $1,349,737  (this  grant  received  a  priority  score  of  1 13 
and  a  percentile  of  0.2) 

The  goal  of  this  project  is  to  clone  and  characterize  a  new  tumor  suppressor  gene  from  the 
ql4  region  of  chromosome  13,  whose  homozygous  deletion  has  been  detected  in 
malignant  prostate  cancers. 

(2) .  Period:  8/18/00  -  7/3 1/05;  Title:  A  tumor  suppressor  gene  at  I3q2I  in  prostate 

cancer. 

Agency:  NIH  /NCI;  PX:  Dong  JT 

Award  Number:  1  ROl  CA  8792 1 :  Current  year  direct  cost:  $  1 72.500:  Total  direct  cost: 
$804,000;  Total  award  amount:  $1,180,962 
The  goal  of  this  project  is  to  clone  and  characterize  another  new  tumor  suppressor  gene 
from  the  q21  region  of  chromosome  13. 


CONCLUSIONS: 

In  the  second  year  of  this  project,  we  further  defined  a  tumor  suppressor  locus  at 
13q21,  and  demonstrated  that  this  tumor  suppressor  gene  is  responsible  for  aggressive 
behavior  of  prostate  cancer.  Such  a  gene  is  very  important  to  our  battle  against  prostate 
cancer,  because  currently  it  is  more  urgent  to  find  molecular  markers  that  can  differentiate 
clinically  aggressive  prostate  cancers  from  those  latent  ones.  We  also  clarified  the  role  of 
the  PTEN  tumor  suppressor  gene  in  prostate  cancer.  PTEN  is  so  far  the  most  frequently 
mutated  gene  in  prostate  cancer,  but  we  found  that  PTEN  is  specifically  involved  in  high 
grade  primary  tumors  or  metastases  of  prostate  cancer. 

REFERENCES: 

See  the  two  papers  included  in  the  appendix  for  the  list  of  references. 
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ABSTRACT 

Previous  cytogenetic  and  molecular  genetic  analyses  suggest  that  the 
q21  band  of  chromosome  13  harbors  a  tumor  suppressor  gene(s)  involved 
In  prostatic  carcinogenesis.  The  precise  genetic  location,  however,  has  not 
been  defined.  In  this  study,  we  examined  prostate  cancer  specimens  and 
cell  Unes/xenograft  for  genetic  deletions  at  13q2I,  using  the  methods  of 
tissue  microdissection  and  duplex  PCR.  Deletions  at  13q21  were  detected 
in  13  of  147  (9%)  prostate  cancer  samples.  Deletion  of  the  same  region  was 
also  detected  in  the  LNCaP  cell  line  and  the  PC-82  xenograft  of  prostate 
cancer.  The  overlapping  region  of  deletion  in  LNCaP  and  PC-82  spans  3.1 
cM  or  2.9  cR,  which  is  equivalent  to  1-3  Mb.  The  endothelin  receptor  B 
gene,  a  possible  tumor  suppressor  gene  at  13q21,  was  not  located  in  the 
region  of  deletion.  Among  the  13  prostate  neoplasms  with  deletion  at 
13q21,  5  were  metastases,  and  7  were  poorly  differentiated  primary 
tumors.  The  only  primary  tumor  that  was  not  poorly  differentiated  but 
had  deletion  occurred  in  one  of  the  youngest  patients  (49  years)  at  diag¬ 
nosis.  These  results  provide  evidence  that  13q21  may  harbor  an  uniden¬ 
tified  gene(s)  whose  Inactivation  occurs  in  some  aggressive  carcinomas  of 
the  prostate.  In  addition,  this  study  provides  a  framework  for  the  cloning 
and  identification  of  the  13q21  gene(s). 

INTRODUCTION 

Molecular  determinants  important  in  the  development  and  progression 
of  prostate  cancer  are  poorly  understood,  despite  the  fact  that  this  neo¬ 
plasm  has  become  a  significant  health  problem  (1).  Cytogenetic  and 
molecular  genetic  analyses  have  indicated  that  interstitial  deletions  on 
chromosomes  8p,  I3q,  lOq,  6q,  7q,  17q,  and  18q  occur  frequently  in 
human  prostate  cancer,  suggesting  the  existence  of  tumor  suppressor 
genes  on  these  chromosomal  arms  (2,  3).  At  present,  however,  only  lOq 
has  been  identified  as  having  a  tumor  suppressor  gene  (/.e.,  PTEN)  that 
has  been  implicated  in  prostate  cancer  (4,  5).  The  target  genes  from  the 
remaining  chromosomes  have  yet  to  be  mapped  and  identified. 

Deletion  of  portions  of  chromosome  13  has  been  detected  by 
various  genetic  approaches  in  human  prostate  cancer.  In  a  cytogenetic 
banding  study,  nonrandom  loss  of  chromosome  13  was  observed  in  a 
xenografted  cell  line  (6),  CGH^  demonstrated  that  loss  of  13q  is  the 
second  most  frequent  chromosomal  alteration,  having  occurred  in 
32%  of  primary  tumors,  56-75%  of  recurrent  and  metastatic  tumors, 
and  each  of  the  four  commonly  used  prostate  cancer  cell  lines  derived 
from  metastatic  prostate  cancer  (7-1 1).  One  CGH  study  suggested  a 
deletion  region  at  the  q21  band  of  chromosome  13  (10).  In  our  LOH 
assay,  we  identified  a  distinct  region  of  LOH  in  a  7-cM  DNA  segment 
involving  markers  D13S269  and  0135162  at  13q21  (12).  These 
studies  suggested  that  a  tumor  suppressor  gene  is  located  at  i3q21; 
however,  the  DNA  segment  containing  this  gene  was  still  too  large  for 
its  identification. 


Received  12/8/99;  accepted  5/ i  0/00. 

The  costs  of  publication  of  this  article  were  defrayed  in  part  by  the  payment  of  page 
charges.  This  article  must  therefore  be  hereby  marked  advertisement  in  accordance  with 
18  U.S.C.  Section  1734  solely  to  indicate  this  fact. 

‘  Supported  in  part  by  Grant  DAMD  17-98-1-8636  from  the  United  States  Army 
Prostate  Cancer  Research  Program  and  by  NIH  Grant  I  ROI  CA87921  from  the  National 
Cancer  Institute. 

’  To  whom  requests  for  reprints  should  be  addressed,  at  Department  of  Pathology, 
University  of  Virginia  Health  System,  P.  O.  Box  800214,  Charlottesville.  VA  22908- 
0214.  Phone:  (804)  924-9011;  Fax;  (804)  924-9206;  E-mail:  jd4q@virginia.edu. 

^  The  abbreviations  used  are:  CGH,  comparative  genomic  hybridization;  LOH,  loss  of 
heterozygosity;  STS,  sequence  tagged  site. 


To  fine  map  the  region  of  deletion  and  to  evaluate  the  clinical 
significance  of  I3q21  deletion  in  prostate  cancer,  we  analyzed  a 
number  of  STS  markers  at  I3q2l  for  genetic  deletions  in  prostate 
cancer,  using  the  approaches  of  tissue  microdissection  and  duplex 
PCR.  The  minimal  region  of  the  deletion  was  confined  to  a  DNA 
fragment  of  3.1  cM  or  2.9  cR  (1-3  Mb),  and  the  deletion  at  i3q21 
appeared  to  be  associated  with  tumor  aggressiveness. 

MATERIALS  AND  METHODS 

Tumor  Specimens,  Cell  Lines,  and  Xenograft  A  total  of  147  prostate 
cancer  tissues  from  125  patients  were  examined  for  deletion  in  this  study.  Of 
them,  103  were  primary  tumors,  6  were  lymph  node  metastases  obtained  at 
surgery,  and  38  were  either  primary  tumors  (12  specimens)  or  metastases  (26 
specimens)  from  various  organ  sites  obtained  at  autopsy  from  1 6  patients  who 
died  of  prostate  cancer.  Among  the  103  primary  tumors  from  surgery,  one  was 
a  well-differentiated  tumor  (Gleason  score,  4),  19  were  moderately  differen¬ 
tiated  cancers  (Gleason  score,  5  or  6),  40  were  moderately  poorly  differentiated 
tumors  (Gleason  score,  7),  and  43  were  poorly  differentiated  neoplasms  with 
Gleason  scores  of  8-10.  Each  of  the  primary  tumors  from  autopsy  was  a 
high-grade  cancer.  Patient  age  ranged  from  42-88  years.  Tumor  tissues  were 
zinc  formalin-fixed  and  paraffin-embedded,  and  the  cells  for  DNA  isolation 
were  collected  from  7-/im  H&E-stained  sections  using  a  previously  described 
protocol  for  preparation  of  histological  sections  on  glass  slides  before  micro- 
dissection  (13),  which  ensured  a  minimum  of  70%  neoplastic  cells.  Nonneo¬ 
plastic  cells  from  lymph  nodes  or  seminal  vesicles  in  most  of  the  cases  or  from 
normal  prostate  stroma  or  urothelium  in  the  remainder  of  the  cases  were 
obtained  from  paraffin  blocks  that  contained  no  neoplastic  cells. 

Prostate  cancer  cell  lines  LNCaP,  PC-3,  DU  145,  and  TSU-Prl  were 
purchased  from  American  Type  Culture  Collection  (Manassas,  VA)  and  prop¬ 
agated  following  the  manufacturer’s  instructions.  The  PC-82  prostate  cancer 
xenograft  was  described  previously  (14). 

DNA  Preparation.  For  most  of  the  tumor  specimens,  DNA  was  isolated 
from  microdissected  cells  by  adding  proteinase  K  solution  and  incubating  at 
55®C  overnight,  followed  by  boiling  the  solution  for  10  min  to  inactivate 
proteinase  K,  as  described  previously  (12).  One  /il  of  DNA  sample  was  used 
in  each  PCR.  For  tumor  specimens  including  all  of  the  autopsy  cases  where 
greater  amount  of  tissues  were  available,  phenol/chloroform  extraction  and 
ethanol  precipitation  were  performed  after  the  proteinase  K  treatment.  For 
these  samples,  5-50  ng  of  DNA  were  used  for  each  PCR.  For  the  cell  lines  and 
the  PC-82  xenograft,  genomic  DNA  was  isolated  by  using  the  Wizard 
Genomic  DNA  Purification  Kit  (Promega,  Madison,  WI). 

STS  Markers.  We  initially  analyzed  the  two  mapped  genetic  markers,  Le., 
D13S269  and  D13S162,  that  are  located  in  the  13q2I  LOH  region  in  our 
previous  study  (12).  After  deletion  for  either  of  these  markers  was  detected, 
additional  markers  that  flank  the  deleted  ones  were  analyzed  to  further  define 
the  segment  with  deletion.  Selection  of  additional  markers  was  based  on  the 
latest  version  of  the  integrated  human  genomic  map  (15),"*  which  is  available 
on  line  from  the  Whitehead  Institute/Massachusetts  Institute  of  Technology 
Center  for  Genome  Research,  Human  Genetic  Mapping  Project  and  from  the 
high-resolution  yeast  artificial  chromosome-cosmid-STS  map  of  human  chro¬ 
mosome  13  (16).  Primer  sequences  of  these  markers  are  available  from  the 
Genome  Database.^  The  endothelin  receptor  B  (EDNRB)  gene,  which  is  close 
to  but  telomeric  to  marker  D13S162  at  I3q2l  (17),  was  also  examined  using 
a  STS  marker  derived  from  its  fourth  exon  (18).  Primer  sequences  for  exon  4 
of  the  EDNRB  gene  are  5'-ATCCCTATAGTnTACAAGACAGC-3'  (for- 


**  Supplemeniary  data  from  the  Whitehead  Institute/Massachusetts  Institute  of  Tech¬ 
nology  Center  for  Genome  Research,  Human  Genetic  Mapping  Project  (http://www- 
genome.wi.mii.edu). 

^  hltp://gdbwww.gdb.org. 
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ward)  and  5'-ATTTTCTTACCTGCTTTAG  GTG-3'  (reverse).  PCR  primers 
were  either  purchased  from  Research  Genetics  (Huntsville,  AL)  or  synthesized 
by  Life  Technologies,  Inc.  (Gaithersburg,  MD). 

In  addition  to  13q21  markers,  each  PCR  contained  one  internal  control  STS 
marker,  /.e.,  one  of  the  exons  from  the  KAIl  gene  whose  deletion  has  not  been 
found  in  prostate  cancer  (19,  20).  Internal  controls  were  necessary  for  reliable 
detection  of  chromosomal  deletions.  Depending  on  the  size  of  PCR  products  of 
a  13q21  marker,  exon  5,  7,  or  8  of  the  KAIl  gene  was  used.  The  primer 
sequences  of  these  KAIl  exons  have  been  described  previously  (19).  Sizes  of 
PCR  products,  annealing  temperatures,  KAIl  control  exons,  genetic  and  phys¬ 
ical  maps,  and  deletion  status  in  LNCaP  and  PC-82  cells  for  the  13q21  markers 
are  listed  in  Table  1. 

Deletion  Analysis.  The  duplex  PCR  approach  was  used  for  the  deletion 
detection.  Each  PCR,  which  was  in  a  volume  of  10  /xl,  contained  I  jul  of 
genomic  DNA,  IX  PCR  buffer  [20  mM  Tris-HCl  (pH  8.8),  10  mM  KCl,  10  mM 
(NH4)2S04,  2  mM  MgS04,  0,1%  Triton  X-100,  and  0.1  mg/ml  BSA],  0.4 
of  each  primer,  20  /xM  of  each  deoxynucleotide  triphosphate,  1  p.Ci  of 
[a-^^PJdATP  (3000  Ci/mmol;  ICN,  Irvine,  CA),  0.6  unit  of  platinum  Taq 
antibodies  (Life  Technologies,  Inc.),  and  0.6  unit  of  Taq  DNA  polymerase. 
After  an  initial  denaturation  at  95°C  for  5  min,  30  cycles,  each  consisting  of 
denaturation  at  94°C  for  45  s,  annealing  for  45  s,  and  extension  at  72°C  for  1 
min,  were  performed. 

PCR  products  were  separated  in  5%  nondenaturing  polyacrylamide  gels 
(size,  20  X  20  cm)  at  200  V  for  1-2  h.  The  gels  were  dried  and  exposed  to 
Kodak  Biomax  MR  film  at  room  temperature  overnight.  Absence  of  a  PCR 
product  for  a  13q21  marker  in  a  tumor  defined  a  deletion.  However,  the 
microdissected  tumor  samples  were  sometimes  contaminated  with  nonneoplas- 
tic  cells  sufficient  to  give  rise  to  PCR  products.  When  this  occurred,  signal 
intensities  for  PCR  products  were  quantitatively  measured  by  scanning  and 
analyzing  PCR  bands  from  a  film  using  ScanDNASIS  software  (Hitachi 
Software,  San  Bruno,  CA);  the  ratio  of  signal  intensity  of  a  I3q2l  marker  to 
that  of  the  internal  control  marker  was  calculated  for  each  DNA  sample,  and 
a  deletion  was  considered  to  be  present  when  such  a  ratio  in  a  tumor  was  less 
than  half  of  that  in  its  matched  nonneoplastic  cells. 

All  experiments  were  repeated  one  to  three  times,  and  the  deletions  were 
detected  in  each  of  the  experiments. 

RESULTS 

Based  on  the  multiplex  PCR  method  used  for  the  detection  of  homozy¬ 
gous  deletion  in  our  previous  study  (21),  we  first  adjusted  the  experi¬ 


mental  procedures  to  maximize  the  sensitivity  and  consistency  in  detect¬ 
ing  genetic  deletion.  Compared  with  regular  PCR  and  agarose  gel 
electrophoresis,  we  found  that  the  procedure  of  radioactive  PCR  with 
[a-^^P]dATP,  use  of  the  hot-start  approach  by  adding  Taq  antibodies, 
separation  of  PCR  products  with  nondenaturing  PAGE,  and  exposure  of 
gels  to  Kodak  Biomax  MR  film  was  more  consistent,  quantitative,  and 
sensitive  in  demonstrating  genetic  deletions  in  tumor  samples. 

We  first  analyzed  the  two  markers  {/.e.,  D13S269  and  D13S162) 
that  were  located  in  the  LOH  region  at  13q21,  based  on  our  previous 
study  (12),  in  each  of  the  147  tumor  specimens  using  the  improved 
method  of  duplex  PCR  assay  (Table  1).  Some  tumors  showed  absent 
or  reduced  band  intensities  for  D13S269  and/or  D13S162  compared 
with  that  of  the  internal  control  marker  and  with  that  of  a  normal 
control.  We  then  repeated  the  PCR  for  these  tumors,  along  with  their 
matched  nonneoplastic  cells.  As  shown  in  Fig.  I  for  some  specimens, 
deletions  at  D13S269  and  DOS  162,  which  could  be  either  homozy¬ 
gous  deletions  or  hemizygous  deletions,  were  repeatedly  detected  in 
13  tumor  specimens.  Whereas  1 1  of  13  tumors  lost  both  D13S269  and 
D13S162,  2  tumors  lost  D13S269  only  (Table  2). 

In  total,  13  of  147  (9%)  prostate  cancer  samples  showed  deletion  at 
I3q2l.  Patient  age  at  diagnosis  and  Gleason  score  for  these  neoplasms 
are  shown  in  Table  2.  Among  these  tumors,  five  were  metastases,  and 
seven  were  poorly  differentiated  primary  tumors.  The  only  primary 
tumor  that  was  not  poorly  differentiated  but  had  a  deletion  (case  233) 
occurred  in  one  of  the  youngest  patients  (49  years)  at  diagnosis. 

To  determine  whether  deletion  at  13q21  also  occurred  in  prostate 
cancer  cell  lines  and  xenograft,  we  analyzed  D13S269  and  D13S162 
for  deletion  using  the  same  duplex  PCR  method.  As  shown  in  Table 
1  and  Fig.  2,  whereas  three  cell  lines  did  not  show  any  deletions,  the 
LNCaP  cell  line  and  the  PC-82  xenograft  showed  a  significant  signal 
reduction  at  D13S269  and  D13S162.  Measurement  of  signal  intensi¬ 
ties  using  the  ScanDNASIS  program  indicated  that  the  signal  ratio  of 
the  deleted  marker  to  the  internal  control  in  LNCaP  cells  was  only 
about  one-fourth  of  that  in  the  normal  placenta  control  DNA.  Deletion 
analysis  of  cell  lines  and  xenograft  was  also  repeated  using  regular 
PCR  and  agarose  gel  electrophoresis,  and  deletion  of  D13S269  and 
D13S162  was  demonstrated  in  each  experiment  (data  not  shown). 


Tabic  1  Genetic  and  radiation  hybrid  (RH)  maps. 

sizes  of  PCR  products,  annealing  temperatures,  internal  KAIl  control  markers,  and  deletion  status  in  UlCaP  and  PC-82  cells 
for  the  13q21  markers 

Marker  names® 

Genetic  map  (cM) 

RH  map  (cR) 

PGR  product  (bp) 

Annealing  temperature  (®C) 

KAIl  exons 

LNGaP 

PC-82 

DI3S1273 

49.4 

115 

55 

7 

+ 

-1- 

DI3S1260 

50.7 

141 

57 

7 

+ 

-h 

D13S1317 

51.9 

223 

57 

8 

+ 

D13S275 

52.7 

239 

55 

7 

— 

-f- 

DI3S1310 

53.5 

143 

55 

7 

- 

-1- 

D13S1318 

54.0 

259 

57 

7 

- 

+ 

WI-5860 

191.5 

224 

57 

8 

— 

-t- 

WI-3660 

132 

61 

7 

_ 

+ 

DI3S1090E* 

56.6 

107 

61 

7 

-f- 

DI3S152 

56.6 

138 

55 

7 

_ 

D13S745 

189 

57 

7 

— 

D13S791 

294 

61 

7 

— 

— 

D13S1249 

57.3 

220 

60 

8 

_ 

D13S166 

57.3 

1 15-125 

57 

7 

— 

- 

D13S156 

57.3 

193.2 

272-286 

60 

7 

— 

— 

D13S269 

58.3 

142 

60 

7 

_ 

H65656 

59.7 

194.4 

-150 

61 

7 

_ 

_ 

DI3S162 

59.7 

194.4 

182-202 

55 

7 

— 

BS610/6n^ 

59.7 

194.4 

95 

57 

7 

+ 

_ 

D13S1562 

148 

60 

7 

+ 

_ 

Wl-16413 

132 

60 

7 

+ 

_ 

DI3S160 

62.7 

207.1 

229-241 

57 

8 

+ 

-1- 

EDNRB 

170 

60 

5 

+ 

DI3S170 

65.4 

113 

57 

7 

+ 

*  M  ni  tcinofic  A  - ^  lo  ulc  puDiisnca  genomic  maps  Uj. 

L  l^atcd  in  one  BAG  clone  and  arc  thus  considered  to  be  at  the  same  genetic  location  (data  not  shown).  Similarly,  markers  BS610/611, 

.  and  UI3S16.  are  in  another  BAG  clone.  Primers  sequences  for  marker  BS610/61 1  are  5'-TATTGATGGAGGGGGGTGAATG-3'  and  5'-AGATGTGGAGGAGATGAAT- 
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Fig.  1.  Detection  of  deletion  at  13q21  in  prostate  cancer  by  duplex 
PCR  assay.  Case  number  and  tissue  type  are  indicated  at  the  !op,  STS 
markers  are  indicated  at  the  left,  and  the  size  of  the  PCR  products  is 
indicated  at  the  right.  Each  arrow  denotes  a  deletion  at  a  marker  in  a 
neoplasm.  Lanes  P  and  M,  primary  tumor  and  metastasis  obtained  from 
autopsy  specimens;  Lane  T,  primary  tumor  obtained  at  surgery  ;  Lane  N, 
matched  nonneoplastic  cells  in  each  case.  Due  to  the  polymorphic 
feature  of  microsatellite  markers,  two  bands  that  represent  two  alleles 
are  seen  for  both  markers  in  most  cases.  Case  42  (Lane  P )  appears  to 
have  LOH  instead  of  deletion  at  DOS  162. 


KAM 
Exon  5  — 

D13S102  ^ 


Case  42 
Ml  N  P 


Case  48  Case  201 
N  P  M2  M4  NT 


Case  233 


N  T 

m 


bp 

-234 

^]ia2-202 


KAI-1 
Exon  8 

0133269 


-188 


To  determine  the  size  of  the  region  with  deletion,  we  selected  more 
STS  markers  (Table  1)  that  flank  D13S269  and/or  D13S162  at  13q21  and 
examined  them  in  LNCaP  and  PC-82  tumor  cells  that  showed  deletions 
at  D13S269  and  D13S162  and  had  a  sufficient  quantity  of  pure  tumor 
DNA  for  analysis  (Table  1;  Fig.  2),  The  deletion  region  in  LNCaP  was 
different  from  but  overlapped  that  in  PC-82,  and  the  common  region  of 
deletion  was  defined  as  a  DNA  segment  of  3.1  cM  within  markers 
D13S1090E  and  BS610/611  or  2.9  cR  within  markers  WI-5860  and 
BS6 10/611  (Table  1).  According  to  the  current  genomic  maps  (15,  16), 
the  size  of  this  common  region  of  deletion  was  estimated  to  be  1-3  Mb. 
The  endothelin  receptor  B  (EDNRB)  gene,  which  is  located  at  least  3  cM 
telomeric  to  the  common  region  of  deletion  at  13q21  and  has  been 
suggested  as  a  tumor  suppressor  gene,  was  also  analyzed  in  five  tumors 
and  in  all  of  the  cell  lines  but  showed  no  deletion  (data  not  shown). 

DISCUSSION 

In  this  study,  we  first  improved  the  multiplex  PCR  procedure  used 
in  our  previous  study  (21)  for  the  detection  of  genetic  deletion  in 
human  tumors.  Use  of  radioactive  PCR  with  a  hot-start  approach, 
PAGE,  and  exposure  to  Kodak  Biomax  MR  film  made  deletion 
detection  more  reliable  when  compared  with  regular  PCR  and  agarose 
gel  electrophoresis.  As  shown  in  Fig.  1,  some  tumor  samples  had  no 
signal  or  a  very  faint  signal  at  the  deleted  markers  D13S269  and 
D13S162  compared  with  their  matched  nonneoplastic  cells.  Detection 
of  deletion  in  the  LNCaP  cell  line  but  not  in  any  other  cell  lines  further 
indicated  the  feasibility  of  our  methods  because  a  high-resolution 
cytogenetic  banding  study  showed  that  each  LNCaP  cell  has  an 
interstitial  deletion  at  13q21  in  some  but  not  all  of  its  copies  of 
chromosome  13  [it  has  a  near  tetraploid  karyotype  (22)]. 

Genetic  deletion  at  13q21  in  prostate  cancer  was  first  demonstrated  by 
a  cytogenetic  banding  study  in  the  LNCaP  cell  line  (22).  In  CGH 
analyses,  deletion  of  13q  was  detected  in  human  prostate  cancer  tissues 
and  in  each  of  the  four  commonly  used  prostate  cancer  cell  lines  (7-1 1), 
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Fig.  2.  Deletions  of  I3q21  markers  in  LNCaP  cell  line  and  PC-82  xenograft  of  prostate 
cancer.  Sample  names  are  indicated  at  the  top,  and  marker  names  are  indicated  at  the  left. 
Markers  deleted  are  indicated  by  vertical  bars  at  the  right.  Normal  DNA  was  from  a 
normal  human  placenta. 


Table  2  Prostate  cancers  showing  deletions  at  D13S269  and  D13SJ62  and  patient  age 
at  diagnosis  and  Gleason  score  (G.S.).  “Af "  indicates  a  metastasis 


Presence  or  absence  of  a  marker  in  a  tumor  is  indicated  by  +  or  respectively. 


Case  no. 

Age  (yrs) 

G.S. 

D13S269 

D13S162 

42-P 

68 

9 

- 

+ 

42-Ml 

68 

M 

- 

- 

48-M2 

71 

M 

- 

48-M4 

71 

M 

- 

- 

53-P 

67 

9 

- 

53-M3 

67 

M 

- 

104-T 

75 

9 

- 

- 

llO-T 

65 

9 

- 

- 

122-M 

68 

M 

- 

- 

200-T 

71 

8 

- 

201-T 

80 

10 

+ 

228-T 

69 

9 

- 

- 

233-T 

49 

7 

- 

- 

and  a  common  region  of  deletion  was  suggested  to  be  located  at  13q2l 
(10).  Recently,  our  LOH  study  further  showed  that  the  deletion  at  13q21 
involved  maricers  D13S313,  D13S269,  D13S162,  and  D13S1306  in  a 
DNA  interval  of  7  cM  (12).  Using  the  methods  of  tissue  nucrodissection 
and  an  improved  duplex  PCR  assay,  we  found  that  genetic  deletions  at 
I3q21  occurred  in  13  of  147  (9%)  prostate  cancer  specimens  and  2  of  5 
(40%)  prostate  cancer  cell  lines  and  xenograft.  Consistent  with  previous 
studies,  our  data  provide  additional  evidence  for  the  existence  of  a  tumor 
suppressor  gene(s)  at  13q21. 

Although  previous  studies  identified  a  region  of  deletion  at  13q2l  in 
prostate  cancer,  the  size  of  the  region  with  deletion  was  still  too  large  for 
gene  identification,  and  the  precise  location  of  the  target  gene  remained 
to  be  defined.  Using  densely  mapped  genetic  markers  and  the  LNCaP  cell 
line  and  PC-82  xenograft  of  prostate  cancer,  we  defined  the  common 
region  of  deletion  to  be  in  a  3.1-cM  segment  within  markers  D13S1090E 
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and  BS610/61 1  and  a  2.9-cR  segment  between  WI-5860  and  BS6I0/61 1 
(Table  1).  Considering  that,  on  average,  1  cM  is  equivalent  to  1  Mb  and 
I  Mb  is  equivalent  to  3.7  cR  for  the  Genebridge4  Radiation  Hybrid 
Panel, ^  our  findings  indicate  that  the  minimal  region  of  deletion  con¬ 
taining  the  target  gene  should  be  in  the  size  range  of  l~3  Mb. 

Twelve  of  the  13  prostate  cancer  samples  with  homozygous  deletion  at 
13q21  were  either  poorly  differentiated  primary  tumors  or  metastases. 
The  only  primary  tumor  that  was  not  poorly  differentiated  but  had  a 
deletion  occurred  in  one  of  the  youngest  patients  (49  years)  at  diagnosis 
(Table  2).  The  LNCaP  cell  line  and  the  PC-82  xenograft,  which  were 
noted  above  to  have  a  deletion  at  the  same  region  of  I3q21,  were  also 
derived  from  metastases  of  prostate  cancer  (23).  These  data  indicate  that 
deletion  at  13q21  occurs  in  biologically  aggressive  prostate  cancers. 
Consistently,  a  previous  study  found  that  patients  whose  prostate  cancers 
showed  LOH  at  13q  were  diagnosed  at  a  significantly  younger  age  than 
those  whose  tumors  lacked  LOH  at  13q  (12). 

The  endothelin  receptor  B  (EDNRB)  gene  is  located  at  I3q2l, 
telomeric  to  marker  DBS  162  but  centromeric  to  marker  DBS  160 
(17).  Considering  that  promoter  methylation  of  the  EDNRB  gene 
occurs  frequently  in  prostate  cancer  and  that  this  gene  has  been 
suggested  to  act  as  a  tumor  suppressor  (24),  we  analyzed  its  deletion 
status  in  five  tumors  that  showed  deletion  at  DBS269  and  DBS  162 
and  in  all  of  the  prostate  cancer  cell  lines.  No  deletion  at  the  EDNRB 
gene  was  detected.  Based  on  the  current  genomic  map,  EDNRB  is  at 
least  3  cM  telomeric  to  the  common  region  of  deletion.  Therefore, 
EDNRB  is  not  the  target  gene  for  the  Bq2l  deletion  region  in  prostate 
cancer.  Currently,  there  is  no  gene  that  is  located  in  the  region  of 
deletion  that  has  been  identified  as  a  tumor  suppressor.  This  study 
provides  a  framework  for  the  identification  of  this  gene. 

Genetic  deletion  involving  Bq21  has  also  been  detected  by  CGH  in 
malignant  fibrous  histiocytomas  (25,  26)  and  other  sarcomas  (27,  28), 
and  gliomas  (29,  30).  These  studies  suggest  that  different  types  of 
tumors  may  share  the  same  genetic  alteration  at  Bq21  during  carci¬ 
nogenesis  or  progression. 
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ABSTRACT  - - - 

PTEN/MMACl  is  a  putative  tumor  suppressor  gene 
located  on  10q23,  one  of  the  most  frequently  deleted  chro¬ 
mosomal  regions  in  human  prostate  cancer.  Although  mu¬ 
tations  of  PTEN  have  often  been  detected  in  metastases  of 
prostate  cancer,  localized  tumors  have  shown  lower  rates  of 
mutation,  which  have  varied  from  0  to  20%  among  different 
studies.  It  is  unknown  whether  the  rate  of  PTEN  mutations 
is  different  in  prostate  cancer  from  Asian  men  compared 
with  Western  men.  To  further  clarify  the  role  of  PTEN  in 
prostate  cancer  and  to  examine  the  gene  for  mutations  in 
Asian  men,  we  analyzed  32  cases  of  primary  prostate  can¬ 
cers  from  Chinese  patients,  each  of  whom  was  not  diagnosed 
by  screening  vdth  serum  prostate-specific  antigen,  for  PTEN 
mutations  using  the  methods  of  tissue  microdissection,  sin¬ 
gle-strand  conformational  polymorphism,  and  direct  DNA 
sequencing.  Seventy  %  of  the  tumors  were  Gleason  scores 
8-10,  whereas  the  remainder  were  Gleason  score  7.  Six 
metastases  of  prostate  cancer  from  American  patients  were 
also  analyzed.  Five  of  32  (16%)  primary  prostate  cancers 
from  Chinese  men  and  two  of  six  metastases  from  American 
men  showed  mutations  in  a  total  of  10  codons  of  PTEN, 
which  involved  exons  1,  2, 5, 8,  and  9.  Two  of  the  mutations 
were  truncation  type,  whereas  the  rest  were  missense  muta¬ 
tions.  The  mutation  frequency  in  these  cases  from  Asian 
patients  was  higher  than  that  in  our  previous  study  of  cases 
in  radical  prostatectomy  specimens  from  American  men,  in 
which  the  40  primary  tumors  were  lower  grade  and  had 
been  detected  by  serum  prostate-specific  antigen  test  We 
conclude  that  mutation  of  PTEN  occurs  more  often  in  pri¬ 
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mary  prostate  cancers  of  Chinese  men,  whose  tumors  are 
high  grade  and  reflective  of  an  unscreened  population. 


INTRODUCTION 

A  candidate  tumor  suppressor  gene  designated  FTEN, 
MMACl,  or  TEPA  (referred  to  as  PTEN  hereafter)  was  identi¬ 
fied  (1-3)  from  the  q23.3  region  of  chromosome  10,  one  of  the 
most  frequently  deleted  regions  in  prostate  cancer  (4).  The 
PTEN  gene  has  nine  exons  that  encode  a  403-amino  acid  protein 
of  a  dual-specific  phosphatase  with  putative  actin-binding  and 
tyrosine  phosphatase  domains.  Introduction  of  PTEN  into  c; 
cer  cells  that  lack  PT^N  ^ction  negati'i’oly-  ragukit(y>9fell 
migration  and  ir^^3&induc»^ell  cycle  arrest  and  apoptosis 
via  negative  regulation  of  the  phosphatidylinositol  3 '-kinase/ 
protein  kinase  B/Akt  signaling  pathway  (5-7).  Mutation  and 
down-regulation  of  the  PTEN  gene  have  been  detected  in  vari¬ 
ous  human  cancers  including  that  of  the  prostate  (8-10).  In 
addition,  germ-line  mutations  in  PTEN  are  associated  with  Gow- 
den  disease  (11),  in  which  patients  are  at  increased  risk  for 
certain  cancers. 
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Thus  far,  PTEN  appears  to  be  the  most  frequently  mutated 
gene  in  metastases  of  prostate  cancer,  occurring  in  at  least  1 
metastatic  site  in  12  of  19  (63%)  patients  who  had  multiple 
metastases  (12)  and  in  9  of  15  (60%)  cell  lines  and  xenografts 
primarily  derived  from  metastases  of  prostate  cancer  (13).  These 
results  indicate  a  role  for  PTEN  in  the  progression  of  prostate 
cancer.  Mutations  of  PTEN  in  localized  prostate  cancers  have 
been  found  at  lower  frequencies  including  1  of  28  (4%;  Ref.  14), 
1  of  25  (4%;  Ref.  15),  1  of  40  (2.5%;  Ref.  16),  0  of  45  (17),  and 
1  of  22  (5%;  Ref.  18).  Somewhat  higher  rates  of  mutations  have 
been  observed  in  other  studies  including  10  of  80  [12.5%;  10  of 
23  (43%)  in  cases  with  loss  of  heterozygosity  at  PTEN\  Ref.  19], 
5  of  37  (13.5%;  Ref.  20),  8  of  60  (13%;  Ref.  21),  and  1  of  10 
(10%;  Ref.  9).  In  hereditary  prostate  cancer,  the  role  of  PTEN 
has  not  been  detected  (22,  23). 

The  incidence  of  prostate  cancer  is  lower  in  Asian  men 
compared  with  Western  men,  but  the  specific  genetic  or  envi¬ 
ronmental  factors  that  are  important  are  unknown  (24,  25). 
Obviously,  more  cancers  are  detected  in  Western  men  because 
of  screening  with  serum  PSA^  test.  The  frequency  of  PTEN 
mutations  in  prostate  cancer  from  Asian  men  has  been  little 
studied.  One  study  of  45  primary  prostate  cancers  from  Japanese 
patients  did  not  detect  any  PTEN  mutation  (17).  In  this  study, 
we  analyzed  primary  prostate  cancers  from  32  Chinese  patients, 
who  were  not  diagnosed  using  the  PSA  test.  Rather,  they  were 
diagnosed  after  showing  clinical  symptoms.  We  also  analyzed 
six  metastases  from  American  patients  who  died  of  prostate 


^The  abbreviations  used  are:  PSA,  prostate-specific  antigen;  SSCP, 
single-strand  conformational  polymorphism. 
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cancer  to  document  additional  PTEN  mutations  in  fatal  prostatic 
disease. 

MATERIALS  AND  METHODS 

Tumor  Samples.  Thirty-two  formalin-fixed,  paraffin- 
embedded  prostate  cancer  specimens  from  radical  prostatec¬ 
tomy  from  previously  untreated  Chinese  patients  were  used  in 
this  study.  These  patients  went  to  physicians  after  showing 
various  symptoms  of  prostate  cancer,  e.g„  difficulty  in  voiding, 
urodynia,  urgent  and  frequent  urination,  and  hematuria.  None  of 
them  were  involved  in  PSA  screening.  Their  prostates  were 
examined  by  one  or  more  of  the  following  means:  rectal  ultra¬ 
sound  detection,  digital  rectal  examination,  computed  tomogra¬ 
phy,  and  magnetic  resonance  imaging.  Biopsy  was  performed 
for  the  patients  who  were  suspected  to  have  prostate  cancer,  and 
only  those  whose  cancers  were  at  stages  B-C  underwent  radical 
prostatectomy.  The  prostatectomies  were  performed  by  four 
surgeons  over  a  period  of  5  years.  All  specimens  were  from 
archived  paraffin  blocks  that  had  been  used  in  routine  diagnosis 
of  cancer,  and  none  of  them  were  collected  specifically  for  this 
study.  In  addition,  DNA  was  available  from  six  distant  raetas- 
tases  from  American  patients  who  died  of  prostate  cancer.  The 
/r^^‘'^clinicopathological  characteristics  of  the  tumors  are  listed  in 
Table  1.  The  exact  tumor  stage  for  the  Chinese  patients  was  not 
Available.  Tumor  cells  for  DNA  isolation  were  collected  from  7 
/  fjim  H&E-stained  sections  by  microdissection  using  a  protocol 
^  described  previously  (26),  which  typically  ensured  a  minimum 
of  70%  neoplastic  cells  for  each  sample.  Nonneoplastic  cells 
collected  were  present  on  the  same  slides  as  cancer  cells  and 
included  stromi  cells,  lymphocytes,  and  urothelium;  in  most 
cases,  they  did  not  include  nonneoplastic  prostatic  epithelium. 
For  the  cases  of  metastases,  nonneoplastic  cells  were  collected 
from  lymph  nodes  or  seminal  vesicles.  Use  of  the  human  spec¬ 
imens  in  this  study  was  approved  by  the  institutional  human 
investigation  committee. 

PCR-SSCP  Analysis.  Each  of  the  primary  prostate  can¬ 
cers  was  first  screened  for  mutation  by  using  the  PCR-SSCP 
approach.  Primers  used  for  each  PTEN  exon  were  the  same  as 
described  previously  (16).  PCRs  for  the  SSCP  contained  5-10 
ng  of  genomic  DNA,  1 X  PCR  buffer  [20  mM  Tris-HQ  (pH  8.8), 
10  mM  KCl,  10  mM  0^4)2804,  2  him  MgS04,  0.1%  Triton 
X-100,  and  0.1  mg/ml  BSA],  1  p.M  of  each  primer,  3  jxM  of  each 
deoxynucleotide  triphosphate,  1  p.Ci  of  [a-^^P]d(2TP  (3000 
Ci/mmol),  0.6  unit  of  Taq  DNA  polymerase,  and  0.1  unit  of  Pfu 
DNA  polymerase  and  was  incubated  at  95 °C  for  5  min  followed 
by  30  cycles  of  94®C  for  30  s,  55X  for  30  s,  and  72X  for  1  min. 
The  ^^P-labeled  PCR  products  were  electrophoresed  at  5  W 
overnight  at  room  temperature  in  a  6%  nondenaturing  polyacryl- 
amide  gel  in  IX  TPE  buffer.jpfeS:^^S^described  previously 
’^21\  PCR  products  were  also  analyzed  in  a  0.25  X  MDE  gel 
(FMC  BioProducts,  Rockland,  ME)  containing  10%  glycerol, 
which  was  also  run  at  5  W  overnight  at  room  temperature.  After 
electrophoresis,  the  gels  were  dried  and  exposed  to  X-ray  film 
for  1-2  days.  Samples  showing  a  bandshift  for  a  specific  exon 
were  rearaplified  for  both  tumor  DNA  and  matched  nonneoplas¬ 
tic  cells  to  confirm  the  shift,  using  the  same  conditions. 

DNA  Sequencing.  For  the  samples  which  repeatedly 
showed  a  bandshift  in  the  SSCP  analysis,  shifted  bands  were  cut 


Table  I  Clinicopathological  characteristics  of  prostate  cancer 
specimens  analyzed  and  mutation  status  of  PTEN  in  each  case 


Case 

no. 


Patient  Age 
(yr) _ _ 


Gleason 

score 


PTEN  mutation 


80 

82 

83 

84 

85 

86 

89 

90 

91 

92 

95 

96 

98 

99 
100 
101 
102 

103 

104 

105 

107 

108 
109 

no 

111 

113 

114 
116 
117 

119 

120 
121 

42* 

46* 

47* 


48* 

49* 

51* 


NA** 

52 

64 
51 
NA 
61 
61 
63 
NA 
NA 
60 

65 
NA 
83 
75 
NA 
NA 
NA 
75 

74 
83 
71 
NA 

65 
70 
67 
59 

66 
NA 

56 

NA 

66 

77 

75 
70 


73 

75 

66 


7 

9 

8 

10 
10 
8 
8 
8 

9 
8 

10 
8 
7 
7 
9 
9 
7 
9 
9 

9 

NA 

NA 

10 
9 
7 

7 

8 

7 

8 

9 

7 

7 

Lymph  node 
Liver 

Lymph  node 


Lymph  node 
Lymph  node 
Liver 


No 

No 

No 

No 

No 

No 

Exon  5  (T418C,  polymorphism) 
No 

Exon2(A1197p.  R55G) 

Exon  5  ( 

No 


j20Stop) 

Exon  9  (A1086G, 
polymorphism) 

No 
No 
No 
No 
No 

Exon  9  (A1031G,  K344R; 
C1043T,  T348I;  A1144T, 
T382S) 

No 

Exon  5  (C328T.  QllOStop) 
No 


®  NA,  not  available. 

*  Lymph  node  and  liver  were  the  organ  sites  of  metastases. 


and  immersed  in  20  p-l  of  H2O,  following  the  protocol  described 
by  Kukita  et  aL  (27).  Two  pil  of  the  released  DNA  were 
amplified  by  PCR  using  the  same  primers,  as  in  SSCP  analysis, 
in  a  50-pLl  of  reaction.  The  PCR  conditions  were  the  same  except 
that  200  jjLM  of  each  deoxynucleotide  triphosphate  and  no 
[^^P]dCTP  were  used.  These  PCR  products  were  purified  by 
using  the  QIAquick  PCR  purification  kit  (Qiagen,  Valencia, 
CA),  and  were  sequenced  by  using  the  ThermoSequenase  Cycle 
Sequencing  kit  (USB)  following  the  manufacturer’s  instruc¬ 
tions.  Sequencing  data  were  collected  and  analyzed  by  using  the 
ScanDNASIS  and  MacDNASIS  software  (Hitachi  Software, 
San  Bruno,  CA). 

For  the  six  metastases  of  prostate  cancer,  which  tended  to 
be  more  homogeneous  in  neoplastic  cells,  their  DNAs  were 
amplified  by  PCR  for  each  of  the  PTEN  exons,  and  the  resultant 
PCR  products  were  purified  and  directly  sequenced  by  the  same 
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CASE  89  CASE  91 


Fig.  I  Examples  of  SSCP  analysis  of  PTEN  in 
prostate  cancer  specimens.  N  and  T  nonneoplastic 
and  tumor  cells,  respectively.  For  each  example, 
the  case  number  is  indicated  at  the  top,  and  exon 
number  is  at  the  bottom.  Each  case  has  shifted 
bands  in  their  tumor  cells  compared  with  nonneo¬ 
plastic  cells. 


EXON  5  EXON  2 


CASE  117 


EXON  9 


procedure  as  described  above.  For  an  exon  showing  a  mutation, 
the  rcR  sequencing  procedure  was  repeated  to  confirm  the 
mutations.  Once  confirmed,  matched  normal  DNA  for  a  specific 
exon  was  also  amplified  by  PCR  and  sequenced  to  determine 
whether  a  mutation  was  somatic  or  germ  line. 

Statistical  Analysis.  The  difference  in  the  frequency  of 
PTEN  mutations  between  primary  tumors  in  the  current  study 
and  that  of  our  previous  study  (16)  was  analyzed  statistically  by 
the  use  of  Fisher's  exact  test  (two-tailed;  Ref.  28). 

RESULTS 

Seventy  %  of  the  32  primary  prostate  cancers  from  Chinese 
men  were  Gleason  scores  8-10,  whereas  30%  were  Gleason 
score  7.  PCR-SSCP  and  direct  DNA  sequencing  analyses  of 
these  samples  revealed  PTEN  sequence  alterations  in  7  cases. 
Examples  of  bandshifts  for  tumors  in  SSCP  assay,  which  indi¬ 
cated  the  existence  of  sequence  alterations  in  the  PTEN  gene, 
^  .  "^e  shown  in  Fig,  1,  and  examples  of  DNA  sequencing  ladders 
/  \  ^  that  identify  PTEN  mutations  are  shown  in  Hg.  2.  Tumor  cases 
'  and  their  PTEN  mutation  status  are  listed  in  Table  1,  Although 
2  of  the  7  cases  had  alterations  that  did  not  change  the  PTEN 
polypeptide,  five  cases  (16%)  had  mutations  that  could  poten¬ 
tially  change  PTEN  function  (Table  1).  Case  113  had  a  nonsense 
mutation  at  codon  20  that  would  truncate  the  majority  of  the 
PTEN  protein.  Case  92  had  two  missense  mutations  in  its  exon 
5,  which  changed  codons  101  and  135  from  isoleucine  to  alanine 
and  valine,  respectively.  Cases  91,  109,  and  114  showed  mis¬ 
sense  mutations  that  changed  codons  55,  150,  and  272  from 
arginine,  glutamine,  and  histidine  to  glycine,  glycine,  and  tyro¬ 
sine,  respectively. 

We  also  analyzed  six  metastases  of  prostate  cancer  from 
American  men,  using  the  methods  of  PCR  amplification  and 
direct  DNA  sequencing.  Two  cases  showed  PTEN  mutations. 
Case  49  had  a  nonsense  mutation  at  codon  110  in  exon  5  that 
would  truncate  the  PTTEN  protein,  and  case  47  had  three  mis¬ 
sense  mutations  in  exon  9  of  PTEN,  changing  codon  344  from 
lysine  to  arginine,  codon  348  from  threonine  to  isoleucinc,  and 
codon  382  from  threonine  to  serine. 

Each  of  the  above  mutations  was  somatic,  as  the  matched 
nonneoplastic  cells  showed  no  mutations.  The  difference  in  the 


frequency  of  16%  for  PTEN  mutation  in  the  cancers  from 
Chinese  patients  compared  with  the  frequency  of  2,5%  in  our 
prior  analysis  of  40  resected  primary  tumors  detected  in  Amer¬ 
ican  men  after  PSA  test  and  biopsy  (16)  showed  a  trend  in 
significance  (P  =  0.08). 

DISCUSSION 

The  PTEN  gene  was  isolated  from  the  q23  region  of 
chromosome  10,  one  of  the  most  frequently  deleted  regions  in 
prostate  cancer  (4,  29,  30).  Mutations  of  the  gene  have  been 
detected  in  various  human  cancers  including  that  of  the  prostate 
(9, 12, 13, 19-21),  implicating  PTEN m  the  development  and/or 
progression  of  prostate  cancer.  It  is  thus  far  the  most  frequently 
mutated  gene  in  prostate  cancer.  Our  finding  of  PTEN  mutations 
in  5  of  32  primary,  high-grade  prostate  cancer  specimens  con¬ 
firms  that  PTEN  is  a  major  gene,  if  not  the  target  gene,  for  the 
10q23  region  of  deletion  in  a  subset  of  prostate  cancers. 

Mutation  frequencies  of  PTEN  in  prostate  cancer  differ 
among  studies,  largely  because  of  differences  in  tumor  grade 
and  stage  in  the  study  populations.  Mutations  up  to  60%  have 
been  detected  in  studies  of  prostate  cancer  cell  lines  and  xe¬ 
nografts  from  metastases  (13),  whereas  in  some  studies  of 
localized  disease,  few  or  no  mutations  have  been  detected  (16, 
17).  In  this  study,  we  detected  PTEN  mutations  in  5  of  32  (16%) 
primary  prostate  cancers  from  Chinese  patients  who  were  diag¬ 
nosed  with  clinical  symptoms  but  without  the  aid  of  the  serum 
PSA  screening  test.  This  frequency  was  higher  than  that  (1  of  40 
or  2.5%)  detected  in  primary  prostate  cancers  from  American 
patients  who  were  diagnosed  by  PSA  test  in  our  previous  study 
(16).  The  majority  of  tumors  from  the  Chinese  patients  were 
high  grade  (Gleason  scores  8-10),  whereas  the  majority  of 
tumors  in  the  American  patients  were  lower  grade  (Gleason 
scores  5-7),  indicating  that  PTEN  mutations  occur  more  often  in 
tumors  with  high  Gleason  scores,  even  in  those  that  are  primary 
lesions.  This  conclusion  is  consistent  with  published  studies  of 
primary  prostate  cancers  (15, 17, 20).  In  one  study  of  37  primary 
tumors  with  20  (54%)  high-grade  and  17  (46%)  lower  grade 
lesions,  five  cases,  four  of  which  were  high-grade  tumors,  had 
PTEN  mutations  (20),  In  another  study  of  45  primary  tumors 
that  were  mainly  low-grade  cancers  [30  (67%)  lower  grade 
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Fig.  2  Examples  of  sequencing  anal¬ 
ysis  of  shifted  bands  from  SSCP  exper¬ 
iments.  Arrow,  mutated  nucleotide; 
bottom,  case  number  and  exon  number. 


cases  and  15  (33%)  high-grade  cases],  no  PTEN  mutations  were 
found  (17).  Summarizing  five  studies  in  which  both  tumor  grade 
and  PTEN  mutations  were  available  (15-17,  20),  we  found  that 
9  of  67  (13.4%)  high-grade  tumors  showed  PTEN  mutations, 
whereas  only  3  of  1 17  (2.6%)  lower  grade  cases  showed  muta¬ 
tions.  The  former  rate  is  significantly  higher  than  the  latter  {P  = 
0.01)  using  the  analysis-of-contingency  table  (28).  Consistent 
with  mutation  studies,  loss  of  PTEN  expression  has  also  been 
shown  to  correlate  with  high  grade  of  primary  prostate  cancer 
(9,  10). 

It  has  been  reported  that  prostate  cancer  incidence  is  lower 
in  Asian  men  than  in  Western  men  (24, 25).  Although  one  study 
of  Japanese  patients  did  not  detect  any  PTEN  mutations  in  45 
primary  tumors  that  were  mainly  low-grade  cancers  (17),  we 
found  more  frequent  PTEN  mutations  in  a  group  of  Chinese 
patients  that  had  mainly  high-grade  tumors  in  this  study;  the 
latter  is  consistent  with  studies  in  Western  men  (20).  These 
results  suggest  that  PTEN  is  likely  not  a  genetic  factor  contrib¬ 
uting  to  the  racial  difference  in  prostate  cancer  incidence.  This 
conclusion  is  further  supported  by  the  fact  that  all  of  the  PTEN 
mutations  were  detected  in  prostate  cancer  cells  only  and  not  in 
their  matched  nonneoplastic  cells.  Also,  no  PTEN  mutation  has 
been  detected  in  familial  prostate  cancers  (22,  23).  The  differ¬ 
ences  in  PTEN  mutation  rates  in  our  study  compared  with  that 
of  Orikasa  et  al  (17)  may  be  attributable  to  differences  in  the 
distribution  of  tumor  grades  between  the  study  samples. 

We  detected  multiple  mutations  for  PTEN  in  two  tumors, 

case  92  had  two  missense  mutations  in  exon  5  and  case  47 
had  three  missense  mutations  in  exon  9  (Table  1).  The  hetero¬ 
geneous  nature  of  prostate  cancer  is  well  known  (31);  therefore, 
it  is  likely  that  multiple  mutations  of  PTEN  in  one  tumor  may 
come  from  different  subclones  of  tumor  cells.  In  an  analysis  of 
metastases  involving  multiple  organ  sites  in  patients  who  died  of 
prostate  cancer,  Suzuki  et  al  (12)  found  that  different  metasta¬ 
ses  within  the  same  patient  had  different  PTEN  mutation  status, 
indicating  a  complex  genetic  relationship  between  various  sub- 
clonal  lineages  of  prostate  cancer  cells.  Mutation  of  exon  5 
appears  to  be  more  frequent  than  that  of  other  exons  in  both 
Cowden  disease  and  various  somatic  cancers  (8). 

In  summary,  PTEN  mutations  were  seen  more  often  in 
primary  prostate  cancers  from  Chinese  men  compared  with 


localized  tumors  from  American  patients.  This  difference  is 
likely  attributable  to  the  presence  of  an  excess  of  high-grade 
cancers  in  the  Chinese  patients.  Whether  primary  prostate  tu¬ 
mors  with  PTEN  mutations  have  a  greater  proclivity  to  metas¬ 
tasize  than  those  of  similar  grade  and  stage  without  mutations 
remains  to  be  determined. 
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